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ABSTRACT
RRS (Rudder Roll Stabilization) of Ships is a difficult problem because of its associated non-linear
dynamics, coupling effects and complex control requirements. This paper proposes a solution of this
stabilization problem that is based on an ANN (Artificial Neural Network) controller. The controller has
been trained using supervised learning. The simulation studies have been carried out using MATLAB
and a non-linear model of a container ship. It has been demonstrated that the proposed controller regulates
heading and also controls roll angle very successfully.















Networks.  These  networks  are  also  called  BP  (Back-
Propagation)  type  networks. An  on-line  trained  MLP
1. INTRODUCTION









networks  for  control  applications.  In  all  of  the  above
mentioned  work, ANNs  have  been  used  as  course-
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Roll is one of the most critical ship motions because of
the possibility of extremely  large amplitudes and even






Some  devices  such  as  bilge  keels,  anti-roll  tanks,
gyroscopic stabilizers, moving weights and fins [21-23]
can be used to reduce the roll motion but they increase







in  rough  weather  conditions.  Moreover,  the  RRS  has
approximately the same effectiveness as can be achieved
with the fin stabilizers [22].







the  possible  inputs  for  roll  stabilization  systems  and
proposed  a  fin-roll  stabilization  system  which  was
essentially a proportional controller. The idea of using





































give  satisfactory  performance  for  other  operating
conditions. It is possible to design a series of controllers
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about different operating conditions and then blending
them  together  into  a  gain  scheduled  design. However,
this procedure is time consuming and costly. Nonlinear
techniques may also be used but  they  require accurate
knowledge  of  the  plant  dynamics  which  may  not  be





ANN  controller  is  therefore,  a  good  choice  as  it  can
perform  optimally  for  varying  operating  conditions  if
trained properly. Moreover, it is a multivariable non-linear
control  system  which  does  not  require  apriori





their  applications. Almost  every  field  of  science  and
engineering has  found successful  applications of  these
networks. A  comprehensive  review  reveals  that  in
engineering applications of ANNs MLP networks have










The  BP  algorithm  is  based  on  supervised  learning  of
ANNs. In such an approach an ANN is trained to behave
like a specific form of a conventional controller. During





using  the  error  BP  algorithm.  Training  is  said  to  be
successful  when  the  error  reaches  to  a  pre-defined
minimum value. More than one supervisor may be used
to train a controller to perform multiple tasks. In this way,
a  single ANN  controller  will  perform  like  multiple
conventional  controllers.  In  this  paper,  a  single  MLP
controller is proposed which mimics the dynamics of two
different supervisors. Details are presented in Section 5.
4. RUDDER ROLL STABILIZATION
SYSTEM
























The  different  blocks  of  the  closed  loop  system  are
described next.
FIG. 1. TRAINING OF AN ANN CONTROLLER
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where   is  the  damping  ratio  and 
n


























































FIG. 2. GENERAL BLOCK DIAGRAM OF A RRS SYSTEM [22]
FIG. 3. STEERING MACHINE
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4.3 Heading and Roll Controllers
The heading controller (also known as the ship autopilot)
is  an  automatic  control  system  which manipulates  the
rudder  to  decrease  the  error  between  the  reference
heading  angle  and  the  actual  heading  angle.  It  can  be
designed  for  course  keeping  and/or  course  changing
purposes. In other words, it is a steering controller. The
objective of the roll controller, on the other hand, is to





network  to  perform  tasks  of  both  heading  and  roll
controllers.
4.4 Ship Model
The  model  used  in  this  paper  represents  a  high  speed
container ship [22,56]. The main data of the ship are given
in  Table  1.  In  state-space  form,  the  model  can  be
represented  as:

































5. DEVELOPMENT OF ANN
CONTROLLER




as  shown  in  Fig.  2.  To minimize  the  coupling  effects
between roll and yaw dynamics, the well-known frequency















TABLE 1.  MAIN DATA OF THE CONTAINER SHIP
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In this paper a single feedforward NN has been developed




















A  linear  transfer  function has  been used  in  the output
neuron. The weights and biases of  the ANN controller
have  been  optimized  by  using  the  error  BP  learning




In  these  figures,  the  solid  line  and  the  dashed  line
represents  the ANN  controller  and  SM  controller
respectively.
Fig.  4  clearly  indicates  that  both  the ANN  and  SM
controller  turns  the  ship  successfully  without  any
overshoot.  The  corresponding  heading  rate  is  also




the  proposed ANN  controller  provides  improved  roll
stabilization when compared to the SM controller.
FIG. 4. HEADING (YAW) ANGLE AND YAW RATE OF ANN AND SM CONTROLLER
FIG. 5. RUDDER RESPONSE OF ANN (SOLID) AND SM (DASHED)
Mehran University Research Journal of Engineering & Technology, Volume 38, No. 2, April, 2019 [p-ISSN: 0254-7821, e-ISSN: 2413-7219]
265





roll  control  system.  Simulation  results  show  that  the
controller has successfully captured the dynamics of the
separate  heading  and  roll  controllers.  The  results  are
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